BACKGROUND/OBJECTIVES: Dietary patterns and biomarkers of inflammation have been scarcely associated. The aim was to assess dietary factors associated with subclinical inflammation among girls. SUBJECTS/METHODS: Fasting blood samples were collected from 12-to 17-year old girls (n ¼ 219) to measure adiponectin, leptin, tumor necrosis factor-alpha, plasminogen activator inhibitor 1 (PAI-1), interleukin-6 (IL-6) and high-sensitivity C-reactive protein (hs-CRP) levels. Body mass index (BMI) and waist-to-height ratio (WHtR), and food intake were also measured. Western (WDP) and Mediterranean (MDP) dietary patterns were identified. RESULTS: BMI and WHtR were associated with adiponectin, leptin and hs-CRP (the last, only associated with BMI). Intakes of b-carotene equivalents and vitamin C were associated with adiponectin; saturated fatty acids (SFA), vitamin A, manganese and selenium with leptin; linoleic acid with PAI-1; and oleic acid and vitamin E with IL-6. Selenium was inversely associated with adiponectin, whereas magnesium was positively associated with IL-6. MDP was associated with higher plasma concentrations of adiponectin (b ¼ 0.174, Po0.05); after adjustment for BMI, associations were not significant (b ¼ 0.144, P ¼ 0.076). WDP was negatively associated with adiponectin (b ¼ À 0.177, Po0.05) and positively with Po0.05). CONCLUSIONS: Subclinical inflammation is detectable with increasing BMI and also WHtR. Measures of adiposity (BMI and WHtR) are significant predictors of adiponectin, leptin and hs-CRP. Dietary patterns per se have a small role in affecting inflammatory markers among adolescents.
INTRODUCTION
The alarming increase in obesity worldwide is of concern, because of the associations of obesity with metabolic syndrome, insulin resistance, type 2 diabetes, dyslipidaemia and cardiovascular diseases. 1 Adipose tissue is currently considered to be hormonally active and to take part in the control of metabolism. Adipose tissue secretes a large number of physiologically active peptides that have common properties with cytokines, and therefore referred to as adipocytokines. Leptin, tumor necrosis factor-alpha (TNF-a), PAI-1, interleukin-6 (IL-6) and adiponectin are some of these adipocytokines. 2 Subclinical inflammation is also a characteristic of obesity and 'inflammatory' process exists in the adipose tissue of obese children, being an early alteration in humans. 3 Leptin regulates adipose mass and body weight by inhibiting food intake and stimulating energy expenditure. Leptin increases obesity, type 2 diabetes mellitus, hypertension and MetS. Numerous publications in adults suggest leptin as a biomarker for obesity, insulin resistance and MetS. 4, 5 PAI-1 is a pro-inflammatory adipokine with pro-thrombotic effects that is also increased in obesity, including children and adolescents when compared with a control group. 6 A proinflammatory state, as indicated by increased circulating TNF-a and high-sensitivity C-reactive protein (hs-CRP) levels, and a prothrombotic state, evidenced by increased PAI-1 levels, are often observed in MetS patients. 7 Other studies demonstrated that hs-CRP is an independent predictor for myocardial infarction, stroke, peripheral artery disease and sudden cardiac death. 8 In addition, an elevated PAI-1 level was a predictor of the occurrence of myocardial infarction. 9 Adiponectin has an important role in the regulation of glucose and lipid homeostasis, and also has potent anti-inflammatory activity. 10 Dietary patterns 11, 12 and specific dietary factors, such as unsaturated fatty acids (oleic and alpha-linolenic) and micronutrients with antioxidant properties (vitamins A, E and C; selenium, zinc), 13 potentially modulate the association between adiposity and subclinical inflammation. 14 The Mediterranean diet pattern (MDP) is rich in virgin olive oil, nuts, vegetables, fruits, legumes and fish, and could be a good source of modulator compounds of inflammation and oxidation, such as monounsaturated fatty acids and polyunsaturated fatty acids (PUFAs), dietary fibre and phytochemicals. 11 Contrarily, the Western diet pattern (WDP) is obesogenic and promotes the secretion of inflammatory biochemical signals. 12 The current Western diet is obesogenic because foods and beverages high in sugar, and foods with added salt are readily available. 15 There are some evidence that dietary fatty acid composition can influence plasma 16, 17 and adipose tissue fatty acid composition, 17 which, in turn, can modify inflammation 14, 18 and inflammationmediated disease.
14 Specifically, it has been suggested that high 1 dietary intake of specific fatty acids may stimulate IL-6 secretion, and, in contrast, high intakes of n-3 PUFAs may inhibit low-grade inflammation. 19 However, studies investigating the associations between specific dietary factors and plasma concentrations of inflammatory markers show controversial results. In 6-to 14-yearold normal and overweight Swiss children, 14 total fat intake and percentage of energy from fat, and not specific types of dietary fat, predicted subclinical inflammation, independently of body mass index (BMI).
To test the hypothesis that dietary antioxidants can influence the expression of proinflammatory cytokines, we performed the present study in which we assessed the association between dietary factors (including dietary patterns and specific dietary factors) and subclinical inflammation among girls.
MATERIALS AND METHODS

Selection of participants, recruitment and approval
A random sample (n ¼ 219) of the Balearic Islands adolescent female population (12-17 years) was interviewed, anthropometrically measured and provided a fasting blood sample. All participants were informed of the purpose and methods of this study and provided written informed consent before enrolment. The study protocol was in accordance with the Declaration of Helsinki and was approved by the Balearic Islands Ethics Committee.
General questionnaire
Information was collected about age and smoking habit (yes; occasionally, o1 cigarette/day; no). Physical activity (PA) was evaluated according to guidelines for data processing and analysis of the International Physical Activity Questionnaire 20 in the short form. The specific types of activity assessed were walking, moderate-intensity activities (that is, PA at school), vigorous-intensity activities (that is, sport practice) and sitting time (used as an indicator variable of time spent in sedentary activity). Information on hours per day of television viewing, computer use, video games, other leisure time PA practice and typical sleep duration to the nearest 10 min was also included. PA assessed by the International Physical Activity Questionnaire was correlated with Physical Activity Level (PAL) according to the estimation of the individualised activity coefficient. Each subject was classified taking into account their PAL value 21 as: sedentary (PAL: 1.0o1.4), low active (PAL: 1.4o1.6), active (PAL: 1.6o1.9) and very active (PAL: 1.9). Each subject was then classified into inactive (sedentary or low active) and active (active or very active). 22 
Anthropometric measurements
Height was determined using a mobile anthropometer (Kawe 44444, Kirchner & Wilhelm GmBH Co. KG, Asperg, Germany) to the nearest millimetre, with the subject's head in the Frankfurt plane. Body weight was determined to the nearest 100 g using a digital scale (Tefal, sc9210, Groupe SEB, Rumilly, France). The subjects were weighed in bare feet and light underwear, which was accounted for by subtracting 300 g from the measured weight as described previously. 22, 23 The BMI was calculated. According to the World Health Organization growth standards for children and adolescents, the prevalence of overweight (BMIXP85oP97) and obesity (BMIXP97) was age-and sex-specific calculated. 24 Waist circumference was measured using a non-stretchable measuring tape (Kawe, 43972). The subjects were asked to stand erect in a relaxed position with both feet together on a flat surface. Waist circumference was measured as the smallest horizontal girth between the costal margins and the iliac crests at minimal respiration. Two measurements were made to the nearest 0.1 cm, and the mean of the two readings was taken as the final value. The waist-to-height ratio (WHtR) was also calculated.
Anthropometric measurements were performed by well-trained observers in order to avoid the inter-observer coefficients of variation.
Dietary assessment
Dietary questionnaires included two non-consecutive 24 h diet recall periods, one in the warm season (May-September) and one in the cold season (November-March) to account for the influence of seasonal variations, and a semi-quantitative food frequency questionnaire (FFQ) that has previously been validated. 25 The FFQ, which asked the participant to recall average use over the past year, consisted of 145 items (118 of the original validated FFQ plus the most characteristic Balearic Islands foods in order to make it easy for the interviewee to answer) arranged by food type and meal pattern. Frequency of food consumption was based on times that food items were consumed (per day, week or month). Consumption o1/month was considered no consumption. Well-trained dietitians administered the recalls and verified and quantified the food records. The FFQ foods items were collapsed to 29 food groups that may have practical importance in the daily diet and closely approximated food groups previously reported. 26, 27 We identified two major dietary patterns using factor analysis: the WDP and the MDP, which explained 24% of variance, and which data have been published elsewhere. 28 Food group categories identified in the 'Western' pattern were yoghurt and cheese, dairy desserts, red meats, poultry, sausages, eggs, bread, cereals, pasta, rice dishes, pizza, fruit juices, canned fruits, nuts, soft drinks, high-fat foods, other oils and fats, sweets and chocolates. Those identified in the 'Mediterranean' pattern included yoghurt and cheese, red meat, poultry, fish and seafood, eggs, legumes, pasta, fresh fruit, fruit juices, vegetables, potatoes, tubercles and olive oil. 28 Conversion of food into nutrients was made using a computer programme (ALIMENTA; NUCOX, Palma, Spain) based on Spanish 29, 30 and European 31 food composition tables, and complemented with food composition data available for Majorcan food items. 32 Identification of misreporters was conducted on the basis of the ratio of energy intake (EI) to basal metabolic rate (BMR). EI:BMR o0.85 was considered to represent under-reporting, 33 whereas EI:BMR X2.4 was considered to represent overreporting. 34, 35 Under-reporters (23%) and over-reporters (2%) were excluded from the analysis.
Biochemical measurements
Venous blood samples were obtained from the antecubital vein in suitable vacutainers at 0800 hours of the interview day after 12-h overnight fasting conditions. Serum samples were separated as soon as possible, coded, frozen and stored at -80 1C. Serum circulating levels of adiponectin, leptin, TNF-a, plasminogen activator inhibitor 1 (PAI-1), IL-6 were determined by fluorokine MultiAnalyte Profiling Human Obesity Base kit based on Luminex-technology (R&D Systems Inc., Minneapolis, MN, USA and Cedarlane Corp., Burlington, ON, Canada). hs-CRP was measured by nephelometry (Dade Behring BNII, Marburg, Germany).
Statistics
Analyses were performed with the SPSS statistical software package version 19.0 (SPSS Inc., Chicago, IL, USA). Factor analyses by the principal components method and varimax rotation were run on Z-scored transformed food consumption variables in order to identify salient food patterns in the group. 28 To interpret the data, only food groups with factor loading o0.250 were retained for each factor. 28 For each adolescent, the factor score for each pattern was calculated. 28 These scores zwere categorised into tertiles. Significant differences in prevalence were calculated by means of w 2 . Differences between group means were tested using analysis of covariance (ANCOVA). Differences between BMI status and WHtR were performed by ANCOVA adjusted for age. Differences between dietary intakes were performed by ANCOVA adjusted for age and EI.
The distribution of inflammatory markers was highly skewed. Therefore, logarithmically transformed values of these markers were used in all analysis. Multiple linear regression analysis to investigate the association of age, BMI and WHtR with inflammatory markers were used. We also used multiple linear regression analysis to determine the association of dietary patterns and dietary-specific factors with inflammatory markers. All these models were adjusted for age (years), cigarette smoking (yes; occasionally, o1 cigarette/day; no), PAL (no active; active) and EI (kcal). Moreover, we adjusted also for BMI, and BMI and WHtR, to control for the effect of body size (BMI) and body fat distribution (WHtR). Previously, it has been suggested that WHtR is helpful in detecting, among overweight children, those with a higher likelihood of having metabolic and cardiovascular risks. 36 
RESULTS
Characteristics and dietary intake of the study participants by tertile categories of dietary pattern score are shown in Table 1 . No significant differences in BMI, WHtR and overweight and obesity prevalence were observed among tertiles of the WDP and the MDP.
Age-and energy-adjusted means for dietary variables are shown in this table. Girls in the upper tertile of the WDP had higher intakes of energy, SFA, cholesterol and retinol but lower intake of dietary fibre, b-carotene equivalents, vitamin C and manganese compared with individuals in the lower tertile; whereas those in the highest category of the MDP had higher energy, dietary fibre, vitamin A, C and E, b-carotene equivalents, manganese and zinc, and lower intake of carbohydrates and SFA.
The results of linear regression of log-transformed inflammatory markers as dependent variable on age, BMI and WHtR are shown in Table 2 . Age was not a significant predictor, with the exception of PAI-1. BMI and WHtR were significant predictors of adiponectin and leptin plasma levels but not of the other inflammatory markers with the exception of hs-CRP, for which inflammatory marker BMI was a significant predictor.
The results of multiple linear regression models, which included major dietary pattern scores as independent and log-transformed values of inflammatory markers as dependent variables, are shown in Table 3 . The Western dietary score was inversely related to plasma concentrations of adiponectin after controlling for potential confounders; and with further adjustment for BMI and WHtR. The WDP score was positively related to IL-6 levels after controlling for potential confounders; but also with further adjustment for BMI and WHtR. The Mediterranean dietary score was positively associated with plasma adiponectin levels when the confounders were adjusted, but not after adjusting for BMI and WHtR. All b coefficients were low because of the use of logtransformed values of inflammatory markers. 37 Multiple linear regression models, which included specific dietary factors as independent and log-transformed values of inflammatory markers as dependent variables, which remained statistical significant after controlling for potential confounders and/or with further adjusted for BMI, but also BMI and WHtR, are shown in Table 4 . b-Carotene equivalents and vitamin C were positively associated with plasma levels of adiponectin; whereas selenium was negatively associated. Vitamin A, manganese and selenium were negatively associated with leptin concentration; and SFA was positively associated. PUFA and linoleic acid were negatively related to plasma PAI-1 levels. Vitamin E was negatively associated with IL-6, whereas magnesium was positively associated. None of the dietary factors analysed in the present study were significant predictors of TNF-a and hs-CRP (data not shown).
DISCUSSION
The main finding of this study is that subclinical inflammation is detectable with increasing BMI and also WHtR. In the present study, measures of adiposity (BMI and WHtR) were significant predictors of plasma levels of three inflammatory markers: adiponectin, leptin and hs-CRP (for the last one, only BMI was a significant predictor). Although data from children and adolescents are scarce, and most studies measured only CRP, 38 our findings are consistent with previous studies, which showed increased subclinical inflammation in overweight 14 In our sample, no association of TNF-a, IL-6 and PAI-1 with adiposity indices was observed in girls. 39 In the literature, there is no consensus regarding TNF-a concentration; some studies have found high concentrations while others have not. 38 A previous study that assessed the association between IL-6 and TNF-a, adiposity, fat cell size and insulin sensitivity in a group of overweight and obese prepubertal children found that adipocity size, more than BMI and fat mass, was significantly associated with both inflammatory markers. 40 Moreover, in the present study, dietary factors were associated with subclinical inflammation markers (adiponectin, leptin, PAI-1 and IL-6); although the relationship was mainly mediated by fat mass (BMI) and body fat distribution (WHtR). Diet may modulate the association between adiposity and subclinical inflammation. 19 There are many studies in the literature that address the interactions between nutrients and inflammation, but most of them are concerned with populations affected by disease or at high risk of certain disease. Studies in healthy adults are scarce and just lately few epidemiological studies have associated dietary patterns or habits with biomarkers of inflammation. 38 This research question is addressed even less frequently in largescale populations of healthy adolescents, 38 and particularly little information is available about the effects of dietary patterns on inflammation on them.
In adults, epidemiological studies assessed the relationship between the Mediterranean diet and inflammatory markers, finding a higher association between persons who most strictly followed the Mediterranean diet with lower CRP and IL-6 levels than those who did not follow this diet. 38 Among Iranian women, a healthy dietary pattern was inversely associated with plasma concentrations of CRP, E-selectin and soluble vascular cell adhesion molecule-1 (sVCAM-1), whereas a WDP was positively related to CRP, serum amyloid A (SAA), IL-6, soluble intercellular adhesion molecule-1 (sICAM-1) and sVCAM-1. 37 After additional control for BMI and waist circumference, the associations remained significant between the healthy dietary pattern and CRP and sVCAM-1 levels and between the WDP and SAA and IL-6 levels. 37 The Nurse's Health Study reported an inverse relation between a prudent dietary pattern and plasma concentrations of CRP and E-selectin, and positive relations between a WDP and concentrations of CRP, IL-6, E-selectin, sICAM-1 and sVCAM-1. 41 Plasma concentrations of CRP were also positively related to a WDP in a subgroup of participants in the Health Professional Follow-Up Study. 42 Schulze et al. 43 identified a dietary pattern (high in sugar-sweetened soft drinks, refined grains and processed meat but low in wine, coffee, cruciferous vegetables and yellow vegetables) that was strongly related to inflammatory markers in a nested case-control study, even after control for BMI. Adherence to the MDP in a Greek population was associated with lower concentrations of markers of vascular inflammation. 44 In adolescents, a previous study conducted in Alaska Eskimos also explored the relation between dietary patterns, derived using principal component analysis based on data from the Genetics of Coronary Artery Disease in Alaska Natives study, and inflammatory markers. 45 Few clinically meaningful associations were found. A purchased healthy diet was associated with lower homocysteine and fibrinogen, and a Western diet was associated with higher homocysteine levels. 45 Data for CRP showed no meaningful relations. 45 In the present study, we found that the MDP was associated with higher plasma concentrations of adiponectin, but this association may be mediated in part by BMI and WHtR. With respect to the WDP, we observed a negative association with adiponectin and a positive association with IL-6, which were not fully mediated through obesity measures. Thus, in accordance Abbreviations: BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor 1; TNF-a, tumor necrosis factor-alpha; WHtR, waist-to-height ratio.
a All regression models were adjusted for age. Abbreviations: BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor 1; TNF-a, tumor necrosis factor-alpha; WHtR, waist-to-height ratio. a All regression models were adjusted for age, physical activity, cigarette smoking and energy intake. Only adolescents who did not misreport their energy intake were considered for this analysis.
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with Eilat-Adar et al. 45 our data suggest that dietary patterns per se have only a small role in affecting inflammatory markers among adolescents.
It has been repeatedly reported that low antioxidant vitamin concentrations and a reduced antioxidant capacity are common in obese children. 38 Overweight adolescents with high CRP and IL-6 concentrations have also been shown to have higher plasma concentrations of SFA and lower concentrations of n-3 PUFA. 38 However, in 6-to 19-year-old children and adolescents in the National Health and Nutrition Examination Survey (NHANES III), serum levels of vitamins or fatty acids are just surrogates of food intake, and no significant differences in intakes of b-carotene, a-tocopherol or fruits or vegetables consumption (assessed by 24 h recalls and food-frequency questionnaires) could be observed. 38 In the NHANES III cohort, magnesium consumption has very recently been associated with CRP levels, showing that subjects with intakes below the Recommended Daily Allowances are more likely to have high CRP levels. 38 One study associating food intake with inflammation, total fat intake and percentage of energy from fat was shown to predict CRP levels in 6-to 14-yearold Swiss children, independent of BMI. 14, 38 In the same study, meat consumption predicted serum IL-6 levels, but intakes of vitamin C, E and b-carotene predicted neither CRP nor IL-6 concentrations. Similarly, we found that adiposity did not predict antioxidant vitamin and mineral intakes. Intakes of b-carotene equivalents and vitamin C were positively associated with plasma concentrations of adiponectin; SFA, vitamin A, manganese and selenium were associated with leptin levels; linoleic acid with PAI-1 levels; and oleic acid and vitamin E with IL-6 levels. In the present study, selenium was inversely associated with adiponectin and magnesium was positively associated with IL-6. However, the literature reported that the inverse relationship between dietary magnesium and inflammation is strong, and that it was the most highly rated factor in a 42-item dietary anti-inflammatory index developed at the University of South Carolina. 46 The effect of selenium on in vivo indicators of oxidative stress and inflammation is largely unexplored. 47 A Swedish cohort have suggested that low serum selenium concentrations predict all cause mortality and also weakly cardiovascular mortality in univariate analysis, 48 which is in agreement with studies in other populations where low selenium status were independently related to increased risk of cardiovascular diseases. 49, 50 Low serum selenium was further associated to a greater increase in the carotid intima media thickness in a cohort of Finnish men. 51 High concentrations of serum selenium predict low levels of oxidative stress and subclinical ciclooxygenase-mediated (but not cytokine-mediated) inflammation in a male population. 47 However, studies in other populations suggested no relation between selenium levels and cardiovascular diseases. 52, 53 Nevertheless, our findings indicate that specific dietary factors may modulate inflammation through different mechanisms.
This study has several limitations. The difficulties to assess food intake in humans, and especially in young people are well known, 38 and to ensure adequate statistical power when examining the relationship between dietary intakes and inflammatory markers in healthy populations is a difficult task. This challenge could explain some of the lack of published information, but should certainly not be a deterrent to pursuing this line of research. 38 Moreover, as it has been previously pointed out, 28 the factor analysis is a useful technique to summarise food patterns and to relate them to different socio-economic and lifestyle factors. 54 However, it must be acknowledged that the method is data-specific, thus the patterns and their associations extracted in one study population may not be reproduced in other populations. 54, 55 This kind of analysis can facilitate the development of interventions aimed at modifying eating patterns, rather than specific components of the diet. 54 Finally, we cannot infer causality because of the cross-sectional design of the study. In addition, inflammatory markers fluctuate over time and during illness. 56 This may be problematic for risk stratification and treatment monitoring. So, repeated measurement of these markers could help to discriminate those at high risk.
This study also has several strengths. First, this study provides new data about the association between adiposity and subclinical Abbreviations: BMI, body mass index; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor 1; PUFA, polyunsaturated fatty acid; WHtR, waist-to-height ratio.
a Only specific dietary factors that were significantly associated (Po0.05) with circulating concentrations of inflammatory markers in the unadjusted and/or adjusted models were represented.
b All regression models were adjusted for age, physical activity, cigarette smoking and energy intake. Only adolescents who did not misreport their energy intake were considered for this analysis.
inflammation among adolescents. Specially, it provides data evaluating the association between subclinical inflammation and dietary factors among adolescents, which is scarce in this age group. Second, several statistical known potential confounding factors were controlled in the analysis.
CONCLUSIONS
Subclinical inflammation is detectable with increasing BMI and also WHtR. Measures of adiposity (BMI and WHtR) are significant predictors of adiponectin, leptin and hs-CRP. The dietary patterns per se have only a small role in affecting inflammatory markers among adolescents; however, a MDP, instead of a WDP, and several nutrients have shown a beneficial associations with inflammation. Our data can be useful to practitioners in targeting educational messages for individuals' specific eating patterns and to community planners in encouraging the availability of the MDP from an early age.
